Objectives: The purpose of this study has been to assess ambient bisphenol A (BPA) levels in workplaces and urine levels of workers and to establish a BPA database for different populations in Malaysia. Material and Methods: Urine samples were collected from plastic factory workers and from control subjects after their shift. Air samples were collected using gas analyzers from 5 sampling positions in the injection molding unit work area and from ambient air. The level of BPA in airborne and urine samples was quantified by the gas chromatography mass spectrometry -selected ion monitoring (GCMS-SIM) analysis. Results: Bisphenol A was detected in the median range of 8-28.3 ng/m³ and 2.4-3.59 ng/m³ for the 5 sampling points in the plastic molding factory and in the ambient air respectively. The median urinary BPA concentration was significantly higher in the workers (3.81 ng/ml) than in control subjects (0.73 ng/ml). The urinary BPA concentration was significantly associated with airborne BPA levels (ρ = 0.55, p < 0.01). Conclusions: Our findings provide the first evidence that workers in a molding factory in Malaysia are occupationally exposed to BPA. Int J Occup Med Environ Health 2017;30(5):743-750
INTRODUCTION
The plastic industry is a standout amongst the most dynamic areas in Malaysia. Malaysia plastic industry has built up a much expanded sector delivering a variety of items including car segments, electrical and gadgets parts, components for the media transmission industry, development materials, housewares items, bundling materials and toys. The main production processes involved in the plastic industry in Malaysia include the injection molding of polycarbonates [1] . Polycarbonate is a polymer made out of numerous identical units of bisphenol A associated via carbonate-linkages in its main chain. The injection molding process consists of transforming the polycarbonate into the required shape by softening it and injecting it under pressure to fill in a mold. Bisphenol A (BPA), is a well-known endocrine disruptor, and is one of the most produced chemical in the world. Approximatively 8 billion pounds is delivered every year and interface station, this interface station allows the operator to control the machine's functions. The injection molding is a process where plastic material is melted and then injected into the mold cavity. Once the melted plastic is in the mold, it cools to the desired shape. In this work the raw materials used are pellets of polycarbonate; approximately 80 t of polycarbonate is used per shift. Bisphenol A is released during the extrusion process (converting the plastic pellets into melt and forcing it through a die which yields a desired shape). The extrusion tempereture was about 300°C.
Subjects and sampling
We recruited 70 workers who had been working in the plastic factory from 3 months to 15 years, aged between 19 and 50 years old. Seventy non-exposed workers working in a research institute were selected as control subjects; they were of a similar age as those working in the plastic factory. This study was conducted according to the principles of the Declaration of Helsinki. All subjects were volunteers and provided their written informed consent. Urine samples were collected from the 70 healthy volunteers and from the workers of the plastic molding factory at the end of their shifts. All samples were collected into 50 ml beakers that had been baked at 420°C for 3 h and capped with aluminum sheet. The samples were then stored in 30 ml glass bottles with aluminum caps at -20°C until the analysis. There are about 150 workers that are mainly operators in the factory. The temperature in the work area was measured by means of Wind Boy ISA-80 Thermal Anemometer and recorded as 36.5°C. Since a variety of resins are used in the factory the sampling exercise was carried out only at the injection molding unit work area where polycarbonate products were produced. The air sampling exercise was carried out for 2 shifts on the same day. The gas analyzers attached to XAD-2 around 100 t discharged into the air each year [2] . In AsiaPacific district, BPA is more often used in the production of polycarbonate plastics (60-70%) than epoxy resins. It has been shown that BPA has estrogenic properties in vitro and in vivo. In fact BPA is able to interact with the estrogen receptor (ER), and may likewise bind many other hormone receptors such as androgen receptor, thyroid hormone receptor, peroxisome proliferator actuated receptor-γ (PPAR) [3] . In humans BPA is associated with adverse effects on testis and pituitary gland [4] , abnormalities [5] , social impairment [6] , a risk for human reproduction [7] , and breast and prostate cancer [8, 9] . Many animal findings have supported these human studies showing that BPA has effect at low doses around or below the reference dose (RfD). These animal studies include prostate and mammary tumors, advancement on puberty onset, obesity, fertility problems, and effect on behavior [10, 11] . Exposure to BPA may irreversibly impact human health. Therefore it appears essential to assess the occupational exposure levels of plastic factory workers. The aim of this study has been to investigate for the first time the occupational exposure to BPA in plastic molding factory workers in Malaysia.
MATERIAL AND METHODS Workplace
This study was done in a plastic factory. The main activity of the factory was the injection molding process using polycarbonate to produce a variety of products including household appliances and consumer electronics. The factory has 26 injection molding machines operating concurrently within the same work area over 24 h in 3 shifts. The sampling exercise was carried out only at the injection molding unit therefore only workers operating on the injection molding machines were considered to be included in this study. The mode of operation of the machine is automatic and the workers are staying in front of the control IJOMEH 2017;30 (5) control volunteers were working, comprising 28 buildings. The air samples collected within the compound of the research complex may be considered to be ambient air in a typical non-industrial area with no factories within 2.5 km radius. The temperature at the sampling sites was measured using Wind Boy ISA-80 Thermal Anemometer and recorded as 28°C. Five gas analyzers attached to XAD-2 resin tubes in each sampling point were used for trapping the air. Air sampling was carried out for 6 at 1 l/min.
Chemicals and reagents
Bisphenol A-d14 and bisphenol A were obtained from Wako Pure Chemicals Industries (Osaka, Japan). Bis(trimethylsilyl)tri-fluroacetamide (BSTFA) was obtained from Supelco (USA). Solvents used for extractions and reconstitutions, hexane, acetone, methanol and ethyl acetate were obtained from Fisher (UK) and were of high performance liquid chromatography (HPLC) grade. Anhydrous sodium sulfate was also obtained from Fisher Scientific UK. Beta-glucuronidase (G7646 Type V11-A) from Escherichia coli was obtained from Sigma-Aldrich (USA). Phosphate buffer (1 ml, 1 M) was prepared with bisphenol A free water.
Air analysis
The XAD-2 resin traps were cut into halves and extracted with 50 ml solvent mixture of acetone:hexane (1:1) under ultrasonication for 15 min. The solvent extracts were then concentrated to 3 ml using a rotavapor. The concentrated solvents were transferred to 5 ml amber vials and dried under the stream of nitrogen before derivatization. The internal standard 50 μl of 1 mg/l bisphenol A-d14 was added to the vials. The extracts were then reacted with 100 μl BSTFA. The derivatives were reconstituted to 1 ml with solvent mixture ethyl acetate: hexane (1:4) and 1 μl was injected to gas chromatographer mass spectrometer (GCMS). resin tubes were placed at 1.5 m above the ground at each sampling point of 5 molding machines to trap the air in the polycarbonate molding work area. The air was sampled for 8 h at 1 l/min. The Figure 1 represents the sketching map of the floor plan of the molding factory. Ambient air samples were collected from different sampling points in the research institute where the healthy extraction (SPE). The SPE cartridges were conditioned with 6 ml of acetone, hexane, ethyl acetate and bisphenol A free water and 10 ml of urine sample was being loaded at a controlled flow of 1 ml/min. After drying by vacuum pressure for 15 min, final elution with 6 ml ethyl acetate/ hexane (1:4 v/v) was applied to the SPE column. The SPE cartridge was dried with anhydrous sodium sulfate and the solvent fraction completely removed by a stream of nitrogen gas.
GCMS conditions
Quantification of BPA was performed by means of a Shimadzu QP-5050A gas chromatograph-mass spectrometer with quadrupole detector and analyzed in splitless and SIM mode. Derivatized bisphenol A ions monitored were 357 and 372 while retention time was 9.69 min. For derivatized bisphenol A-d14, the ions monitored were 368 and 386 while retention time was 9.51 min. The GC column used was VB-1 (Valcobond, USA) (15 m length, I.D. 0.25 mm and 0.25 μm thickness). The injection port was set at 310°C while the interface was set at 300°C. Gas chromatography oven temperature program was as follows: Initial temperature, 120°C, hold for 1 min; then ramped at 40°C/min to 184°C, hold for 1 min; and increased at 1°C/min to 192°C and finally increased at 45°C/min to 280°C. The limit of detection for bisphenol A analysis was 0.01 ng/ml while the limit of quantitation was 0.05 ng/ml. The method developed was confirmed to be sufficiently precise, for the determination of trace amounts of bisphenol A in human urine. The absolute recovery of bisphenol A was determined by direct comparison of peak areas from extracted vs. nonextracted samples. The mean recoveries for bisphenol A were 92.1%, 98.7% and 94.5% at 0.1, 0.5, and 0.9 ng/ml concentration. The coefficients of variances (CVs) of bisphenol recovered for each of the concentration (N = 5) were below 15%.
Gas chromatography mass spectrometry (GCMS) conditions
Quantification of BPA was performed using the Shimadzu gas chromatograph 17A coupled to a QP-5050A mass spectrometer under selected ion monitoring (SIM) mode using quadrupole detector. The GC column used for the purpose of the analysis was VB-1, manufactured by Valcobond, USA, of 15 m in length, internal diameter of 0.25 mm and thickness of 0.25 μm. The GCMS temperature programmed for the purpose of the analysis was as follows: initial temperature, 90°C, ramp at 20°C/min up to 100°C, held for one min; followed by the second ramp at 10°C/min up to 220°C; and finally at 40°C/min to 300°C and held for one min. Injector port temperature was set at 300°C while the interface temperature was set at 270°C. Helium was used as the carrier gas. Quantification of the target analyte was based on the area ratio of the target analyte peak to the internal standard peak. The limit of detection (LOD) was 0.004 ng/m 3 for bisphenol A and the limit of quantitation (LOQ) was 0.01 ng/m 3 . The spiked XAD-2 resin tubes were allowed to equilibrate for an hour, extracted and analyzed in the same manner as the air samples described earlier. Sample preparation was accompanied by at least one blank preparation to ensure blank control. Bisphenol A recovery was 90.4% and the coefficients of variation (CV) were below 15.
Urine analysis
Bisphenol A-glucuronide in the samples were cleaved enzymatically and both the conjugated bisphenol A (now as free bisphenol A) and the original free bisphenol A were extracted and analyzed as the total bisphenol A. Urine samples (10 ml) were filtered through glass microfiber filters and spiked with surrogate standard bisphenol A-d14 (200 μl, 1 ng/ml). The pH of the samples were adjusted to 6.8 by the addition of phosphate buffer (1 ml, 1 M) and incubated with β-glucuronidase (2500 units) overnight at 37°C in a water bath. The extraction procedure of BPA was performed by solid phase the injection molding machines (Table 1) . Bisphenol A was detected in the median range of 8-28.3 ng/m 3 for the 5 sampling points with the highest concentration detected at the collection of the finished polycarbonate products and the lowest concentration detected 1.5 m away from the machine. The 3rd sampling point corresponds to the staying position of the workers operating the machine and therefore may be considered to be the individual exposure level, the median BPA concentration at this position was 16 ng/m 3 .
In ambient air, BPA was detected in the median range of 2.4-3.59 ng/m 3 for the 5 sampling points at the research institute (Table 2 ) with the highest concentration detected 0.5 m away from the ground and the lowest at the ground floor. We compared the total BPA concentrations in the factory and the ambient air of the research institute (Table 3) . The total median BPA concentration in the molding factory was 4 times higher than the median concentration detected in ambient air (p < 0.001).
Statistical analysis
Air and urine BPA concentrations are presented as mean, median, and 25-75th percentile. Since the distribution of the data was not normal, we used the non-parametric Man-Whitney U test for comparing between the medians. Spearman correlation was performed to examine the association between urinary BPA and air BPA among the studied population. To perform the correlation test we considered BPA concentrations at the staying position of the workers to be the individual exposure level. Spearman correlation test was chosen as the data was not in a normal bivariate distribution. All analyses were performed using SPSS 20 (SPSS, Inc., Chicago, IL, USA). Significance was accepted at p < 0.05.
RESULTS

Airborne BPA concentrations
The sampling points in the factory were chosen to map out the distribution of BPA at different points around marized in the Table 4 . As in the airborne samples, urine BPA concentrations are significantly higher in the factory workers than in the control subjects (p < 0.001).
Urinary BPA concentrations
Descriptive statistics for BPA detected in urine samples of the factory workers and the control subjects are sum- workers from the plastic factory (3.81 ng/ml). A study in epoxy resins factory in China showed that the median urinary levels of workers was 48 ng/ml [15] , this was much higher than our findings, and might be explained by the fact that in our study the workers were sitting on the molding machine with only the chemical process enclosed in reaction pots, while raw BPA and epoxy resin were handled by workers in the epoxy resin factory. Although the urinary BPA concentrations for workers are low and the daily estimated intake seems lower than the reference dose of 50 μg/kg body weight (b.w.) per day, many animal studies have shown adverse effect much lower than the reference dose (RfD). Newbold et al. [16] have shown at a dose of 0.1 and 1 μg/kg b.w./day a disruption of female tract in mouse, Salian et al. [17] have shown adverse effect on the testis and spermatogenesis on 3 generation in rats after taking 1.2 and 2.4 μg/kg b.w./day of BPA, Matsuda et al. [18] have shown some changes in the brain of newborn rats exposed to bisphenol A at 0.1, 1 and 10 μg/kg b.w./day. These animal studies have clearly shown that BPA is able to induce adverse effects at doses that humans may encounter in their everyday lives and raise the question of the risks in polycarbonate molding factories where workers are exposed every day to the same small amounts of BPA.
CONCLUSIONS
To our knowledge this is the first study investigating the occupational exposure to BPA among workers in the molding polycarbonate factory in Malaysia. Given the growing public health concern about the possible impacts of low doses of BPA, it seems crucial to develop specific safety measures in order to protect the health of workers working on molding polycarbonate machines.
